Abstract Thin films of a tailor-made photodecomposible aryltriazene polymer were applied in a modified laserinduced forward transfer (LIFT) process as sacrificial release layers. The photopolymer film acts as an intermediate energy-absorbing dynamic release layer (DRL) that decomposes efficiently into small volatile fragments upon UV laser irradiation. A fast-expanding pressure jet is generated which is used to propel an overlying transfer material from the source target onto a receiver. This DRL-assisted laser direct-write process allows the precise deposition of intact material pixels with micrometer resolution and by single laser pulses. Triazene-based photopolymer DRL donor systems were studied to derive optimum conditions for film thickness and laser fluences necessary for a defined transfer process at the emission wavelength of a XeCl excimer laser (308 nm). Photoablation, surface detachment, delamination and transfer behavior of aryltriazene polymer films with a thickness from 25 nm to ∼400 nm were investigated in order to improve the process control parameters for the fabrication of functional thin-film devices of microdeposited heat-and UV-sensitive materials. 
Introduction
Laser-based direct-writing and printing operations are finding increasingly applications for precise surface micromodification techniques by either controlled ablation processes or the tailored deposition of complex materials, as outlined in Fig. 1 . Several methods have been developed for the targeted deposition of a broad range of various materials applying lasers [1] . Among them, pulsed laser deposition (PLD) can be used grow films of inorganic [2, 3] or organic materials [4] [5] [6] [7] on a substrate. Matrix-assisted pulsed laser evaporation (MAPLE) is used for the gentle deposition of small molecules trapped in a frozen solvent matrix [7, 8] . A further versatile direct-writing method for the accurate microdeposition of a variety of different materials is based on laserinduced forward transfer (LIFT) techniques [9] [10] [11] . In conventional LIFT setups, a transparent carrier is coated with a layer of the material to be transferred and placed closely to a receiver substrate. Irradiation of a defined spot of the source target by a focused laser pulse coming in through the carrier triggers the mass transfer towards the receiver, as depicted in Fig. 1b . By absorption of the laser photons, the transfer material itself is locally heated and a forward-ejection is caused by generating an evaporative pressure jet within the transfer layer. With this basic LIFT processing, patterns of mainly robust and heat-resisting materials that tolerate such phase transformations could be directly transferred onto various types of receiver substrates. The high intrinsic thermal stress generated within the irradiated layer during the mass transfer step can induce decomposition or disintegration of more complex materials to be deposited. Attempts to apply original LIFT methods for the controlled pixel deposition of sensitive materials, such as biomaterials, viable cells or also semiconducting polymers proved to be limited by their Fig. 1 Basic experimental setups for conventional laser ablation (a), and laser-induced forward transfer (LIFT) processes (b). For the LIFT setup the transfer material has to be coated onto a transparent carrier substrate to enable a forward ablation by irradiation from the backside through the carrier. In traditional LIFT setups (b) the material to be transferred is exposed to the incident laser, and is required to act as its own propellant whereas in setup (c) an intermediate sacrificial dynamic release layer (DRL) absorbs the laser energy. Laser-induced decomposition of the DRL provides the thrust for propelling the top layer onto the receiving substrate proneness to heat damage or direct laser exposition [1, [12] [13] [14] [15] . In order to prevent the transfer layer from direct laser exposition, intermediate laser absorbing layers were introduced to assist the forward transfer process when applied to materials that cannot be directly evaporated or melted [16] . As outlined in Fig. 1c , such dynamic release layer (DRL) systems serve as energy-absorbing sacrificial layers that decompose upon laser irradiation and provide the thrust for propelling the top layer onto the receiver [17] . The use of thin intermediate films of metals (e.g., Ag, Au, Ti) or metal oxides (e.g., TiO 2 ) has been reported as absorbing layers for UV laser-based forward transfer applications of biomolecules [18] [19] [20] [21] and cells [12, 22] , in the literature referred to as absorbing film assisted (AFA) LIFT [23] [24] [25] and Biological Laser Printing (BioLP TM ) [12, 26] . Various polymeric composite materials (usually a binder matrix doped with dispersed absorber dyes) have been applied as DRL systems mostly in conjunction with powerful IR lasers, e.g., for highresolution full-color printing [27] [28] [29] and the microdeposition of electronic materials [30] [31] [32] [33] [34] . However, such intermediate absorbing light-to-heat conversion layers could not completely reduce the intrinsically high thermal load on sensitive transfer materials during the thermo-propulsive transfer process [31] [32] [33] [34] . For all these DRL-based LIFT systems, it is important that the decomposition products of such additional intermediate sacrificial absorbing layers will not contaminate the transferred layer, as, e.g., observed for metal absorbing film-assisted (AFA) LIFT methods [25] .
In order to avoid such drawbacks from either substrate contaminations or thermal transfer defects [34], we have recently developed and tested a modified concept of the LIFT process based on thin sacrificial absorbing layers made of designed UV-sensitive aryltriazene photopolymers [35] [36] [37] . Aryl-dialkyltriazene polymer films show a high absorption in the range of ∼250-350 nm and can be efficiently decomposed and ablated when irradiated with UV lasers [35] . From the chemical structure formula shown in Fig. 2 it can be seen that two photocleavable aryltriazene (Ar-N=N-N-) Fig. 2 Structure formula of the studied photopolymer TP-6-Me (R = CH 3 ). Two photodecomposible aryltriazene chromophores per repeating unit are covalently incorporated into the polymer main chain, joined by an alkyl bridge. Upon UV irradiation the triazene moiety is homolytically cleaved, leading to a fragmentation of the polymer backbone and evolution of elemental nitrogen chromophores per repeating unit are covalently incorporated into the polymer main chain. Exposure to UV irradiation causes a photolytic cleavage of the triazene chromophores which leads to an irreversible evolution of elemental nitrogen and simultaneously to the fragmentation of the polymer into small molecules. Therefore, films of these photosensitive polymers proved to be excellently suitable for laser ablation applications since they can be cleanly ablated without carbonization or redeposition of debris already at fluences far below 100 mJ/cm 2 [35, 36] . The laser-triggered photofragmentation process results in an abrupt volume expansion. This effect can be utilized for LIFT applications where the generated pressure jet then propels the overlaying film of pure transfer material towards the receiver surface, as outlined in Fig. 1c .
Due to its favorable ablation characteristics [35] aryltriazene photopolymer TP-6-Me became an important reference compound for mechanistic studies on laser ablation of polymers within the last decade. Applied as a thin
